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Abstract of EP1 262204 

A filter medium with which a leukocyte-containing fluid represented by whole blood can be treated to 
selectively remove the leukocytes therefrom and recover the erythrocytes, thrombocytes, and blood 
plasma by allowing these to pass through the medium. The leukocyte-removing filter is characterized by 
comprising a polymer having hydrophobic structural units and hydrophilic structural units and a porous 
substrate. The polymer is, for example, a copolymer of a hydrophobic monomer and a hydrophilic 
monomer or a hydrophilic polymer having hydrophobic structural units introduced therein by modification 
or chemical modification. 
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(54) NOVEL LEUKAPHERETIC FILTER 

(57) A filter medium with which a leukocyte-contain- 
ing fluid represented by whole blood can be treated to 
selectively remove the leukocytes therefrom and recov- 
er the erythrocytes, thrombocytes, and blood plasma by 
allowing these to pass through the medium. 

The ieukocyte-removing filter is characterized by 
comprising a polymer having hydrophobic structural 
units and hydrophilic structural units and a porous sub- 



strate. 

The polymer is, for example, a copolymer of a hy- 
drophobic monomer and a hydrophilic monomer or a hy- 
drophilic polymer having hydrophobic structural units in- 
troduced therein by modification or chemical modifica- 
tion. 
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Description 

FIELD OF THE INVENTION 

5 [0001 ] The present invention relates to a blood filter for efficiently removing leukocytes. More particularly, the present 
invention relates to a leukocyte- removing filter that can selectively remove only* leukocytes from leukocyte-containing 
fluid such as whole blood by easily filtering out erythrocytes, blood plasma, and thrombocytes. 

BACKGROUND ART 

10 

[0002] Leukocyte-removing technology has been attracting attention as a most important subject in recent blood 
transfusion technology, A number of researchers have carried out for the purpose of reducing the physical burden on 
the patients after transfusion. For example, in order to prevent side effects and communicable diseases induced by 
leukocytes as a major causative substance, such as induction of graft versus host disease (GVHD), side effects due 
is to anhemolytic fever, production of anti-leukocyte antibodies, and infection induced by viral-infected leukocytes, leu- 
kocytes have been removed or inactivated by centrifugation, filtration or radiation from blood products for transfusion. 
In particular, leukocyte reduction by filtration is widely accepted as an effective method simply and easily available at 
the bedside due to its simplicity and low cost. 

[0003] Another important advantage of leukocyte reduction is in the improvement of storage stability and safety of 
20 blood products used for blood component transfusion. Specifically, when blood products containing leukocytes are 
stored for a long time, it becomes difficult to prevent pyrogenic cytokines from being produced by leukocytes during 
storage, further it also becomes extremely difficult to prevent adverse effects such as dispersion of pathogenetic media 
produced by death or crushing of leukocytes holding viruses and bacteria into the blood preparation. For these reasons, 
necessity of removing as many leukocytes in the blood preparation as possible before storing has been pointed out. 
25 Development of an effective and aseptic leukocyte reduction technology has also been strongly desired in this point 
(T. Asai, K. Hiruma, Y. Hoshi, "BLOOD TRANS FUSION UNDERSTOOD AT A GLANCE", page 77, published by Medical 
Science International, Inc.). 

[0004] However, conventional leukocyte reduction technologies have required complicated operations of fractionat- 
ing blood (whole blood) collected from donors into various components by centrifugation and then removing leukocytes 
30 from each blood preparation obtained by the fractionation. Furthermore, in addition to the complicated procedures and 
cost involved in separation and purification, conventional leukocyte reduction methods have undesirable problems 
such as damage to various blood cells, elution of harmful components from leukocytes, contamination of bacteria, and 
the like. 

[0005] To overcome these problems, if leukocytes can be removed by filtration to afford blood products for transfusion 
55 when collecting blood from suppliers, the best blood preparation product can be provided in the both viewpoints of the 
effective utilization of whole blood and the product safety. 

[0006] Unfortunately, it has been difficult to obtain a filter material that can selectively remove leukocytes directly 
from whole blood while allowing erythrocytes, blood plasma, and thrombocytes to easily pass through, because ac- 
cording to conventional technologies, increasing the removal rate of leukocytes accompanies removing thrombocytes 
40 having high adhesivity at the same time, in greater or lesser degrees. Therefore, development of a novel blood filter 
has been strongly desired. 

[0007] Japanese Patent Application Laid-open No. 1 -249063 (Pall Corporation), for example, discloses a blood filter 
made by grafting hydrophilic monomers onto a filter material to increase the critical wetting surface tension (CVYST) 
of the filter to 90 or more. Japanese Patent Application Publication (koukoku) No. 6-57248 (Japan Medical Supply Co., 

45 Ltd.) discloses a filter made by grafting a water soluble n on ionic polymer onto a filter material by chemical bonding. 
Although a comparatively high thrombocyte yield may be expected from a thrombocyte solution with a high thrombocyte 
concentration using these technologies, their leukocyte-removing performance was not necessarily satisfactory due 
to the high hydrophilic properties. Therefore, those filters cannot selectively remove only leukocytes from blood com- 
ponents containing the leukocytes and thrombocytes such as whole blood and recover thrombocytes at a high effi- 

50 ciency. Neither teachings nor suggestions are disclosed on the possibility of obtaining a filter material that can selec- 
tively remove only leukocytes directly from the whole blood while allowing erythrocytes, blood plasma, and thrombo- 
cytes to easily pass through. 

[0008] In addition, the above methods require special equipments (equipments for radiating radial ray or electron 
beam) for the grafting reaction, and have more basic problems due to eiution and the like accompanying with the 
55 degradation of the filter materials when the irradiation time and strength are a'djusted to increase the grafting yield. 
There have been no materials for use in the medical field that are industrially satisfactory in terms of processes, safety, 
and cost. 
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DISCLOSURE OF THE INVENTION 

[0009] An object of the present invention is to provide a leukocyte-removing filter, which has very slight adherence 
property of thrombocytes , can selectively remove only leukocytes from whole blood or blood components containing 
5 leukocytes and thrombocytes, and can recover erythrocytes, blood plasma, and thrombocytes, particularly thrombo- 
cytes at a high yield. 

[0010] The inventor of the present invention has conducted extensive studies on behaviors of various components 
in whole blood to porous filters, particularly on the leukocyte-removing characteristics and the adhesion- or permeation 
behavior of thrombocytes during filtration of whole blood. As a result, the inventor has found the surprising fact that a 
10 blood filter comprising a polymer containing both hydrophobic and hydrophilic structural units ("component (A)") and 
a porous substrate ("component (B)") exhibits both high leukocyte-removing capability and thrombocyte recovery ca- 
pability. This finding has led to the completion of the present invention! 

[0011] The polymer containing both a hydrophobic structural unit and hydrophilic structural unit in the present inven- 
tion is a pofymer containing one or more hydrophobic structural units represented by the following formulas (1) to (4), 
is for example. 



20 



25 



-CR 1 R 2 -CR 3 R 4 - 



-CR 5 =CR 6 - 



-C=C- 



-CR 7 R 8 R 9 



(D 
(2) 
(3) 
(4) 



wherein R 1 to R 9 individually represents a hydrogen, halogen atom, alkyl group having 1-12 carbon atoms, aro- 
matic compound having 6-12 carbon atoms, heterocyclic compound having 5-12 carbon atoms or macromer having a 
number average molecular weight of 500-50,000 and/or an alkyl group having 1 -12 carbon atoms, aromatic compound 
having 6-12 carbon atoms, heterocyclic compound having 5-12 carbon atoms or macromer having a number average 
molecular weight of 500-50,000, to which functional group selected from carboxylic acid group, carbonyl group, acid 
anhydride group, carboxylate group, epoxy group, ether group, carbonate group, sulfonic acid, sulfonate group, sub- 
stituted amide group, isocyanate group, and alkoxysilane group is added, or derivative group thereof is added. The 
hydrophobic structural unit as used in the present invention is a hydrophobic monomer unit represented by any one 
of the above formulas (1) to (4). Said structure may be introduced into a polymer chain by any conventionally known 
method. The conventionally known methods may include a method of copolymerizing a hydrophobic monomer and a 
hydrophilic monomer, a method of homopolymerizing a macromer containing a hydrophobic structural unit and a hy- 
drophilic structural unit, or copolymerizing a macromer having a hydrophobic structural unit and a hydrophilic monomer 
or a macromer having a hydrophilic structural unit, a method of grafting a hydrophobic monomer in a part of the homopol- 
ymer chain obtained by homopolymerizing hydrophilic monomer, a method of adding a hydrophobic monomer at the 
terminal of the homopolymer chain obtained by polymerizing a hydrophilic monomer, a method of polymerizing a hy- 
drophilic monomer, then denaturing or chemically modifying (esterification, amidization, alkylation, halogenation, hy- 
drogenation, etc.) a part of the resulting homopolymer chain to introduce a hydrophobic structural unit, and the like. 
The best method can be selected according to the object, reaction conditions, processes, cost, and the like. In the 
polymer chain of the polymer of the component (A), the hydrophobic structural unite may be present in any arrangement 
including, but not specifically limited to, a random arrangement, alternation arrangement, block arrangement, graft 
arrangement, or the like, as required. 

[0012] When a hydrophobic monomer unit of the formulas (1)-(4) is a structural unit having a crosslinkable functional 
group, the chemical structures formed after introduction of this structure by the crosslinking reaction of crosslinkable 
functional groups of two or more monomers also include the hydrophobic structural unit of the present invention. Such 
a hydrophobic structural unit is one of the most preferable structures in the present invention to cause both high leu- 
kocyte-removing capability and high thrombocyte recovery capability to exhibit at the same time. 
[001 3] The hydrophilic structural unit in the present invention is a hydrophilic monomer represented by, for example, 
the following formula (5), 
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-CR 10 -CR 13 R 14 - (5) 
CONR n R 12 

5 

wherein R 10 to R 14 are individual fy a hydrogen atom or an aikyl group having 1-9 carbon atoms, provided that at least 
one of the groups R 11 or R 12 is an alkyl group. 

[0014] Although details of the performance expression principle of the present invention are still to be clarified, the 
10 hydrophobic structural units of the formulas (1)-(4) in the polymer may effectively act to leukocyte-removing perform- 
ance on the surface of the porous filter of the present invention due to the hydrophobic interaction and the like, whereas 
the non-cationic and highly hydrophilic structural unit of the formula (5) may act to suppress thrombocyte adhesion. 
As a result, it is thoughtthat both compatibility between the high leukocyte-removing capability and efficient thrombocyte 
recovery capability have been realized. 
15 [0015] The present invention will now be described in more detail. 

[0016] The leukocyte-removing filter in the present invention means a porous filter which can selectively remove only 
leukocytes from blood components containing leukocytes and thrombocytes such as whole blood and can recover 
thrombocytes at a high efficiency. 

[0017] The hydrophobic structural unit in the polymer of the present invention (component (A)) is a structural unit 
20 represented by any one of the following formulas (1 )-(4) or a derivative thereof. When the hydrophobic structural unit 
has a crosslinkable functional group, the cross-linking molecular structure after the crosslinking reaction is also within 
the scope of the hydrophobic structural unit of the present invention. 

25 -CR 1 R 2 -CR 3 R 4 - (1) 

-CR 5 =CR 6 - • (2) 

30 

-CR 5 =CR 6 - (2) 

-C=C- (3) 

-CR 7 R 8 R 9 (4) 

wherein R 1 to R 9 individually represents a hydrogen, halogen atom, alkyl group having 1-12 carbon atoms, aromatic 
compound having 6-1 2 carbon atoms, heterocyclic compound having 5-12 carbon atoms or macromer having a number 
average molecular weight of 500-50,000 and/or an alkyl group, having 1-12 carbon atoms, aromatic compound having 
6-12 carbon atoms, heterocyclic compound having 5-12 carbon atoms or macromer having a number average molec- 
ular weight of 500-50,000, which is added a functional group selected from carboxylic acid group, carbonyl group, acid 
45 anhydride group, carboxylate group, epoxy group, ether group, carbonate group, sulfonic acid, sulfonate group, sub- 
stituted amide group, isocyanate group, and alkoxysilane group, or a derivative group thereof. 
[0018] The hydrophobic structural unit of the above formulas (1) to (4) may have hydrophilic groups to the extent 
that the structural unit is hydrophobic as a whole. 

[0019] The hydrophobic structural unit in the component (A) of the present invention is hydrophobic monomer unit 
^ represented by the formulas (1 ) - (4) or the derivative thereof , the derivative indicates a reaction product of the hydro- 
phobic structural units , a reaction product of a functional group in the hydrophobic structural unit and other functional 
groups in the polymer, and the like. 

[0020] For introducing such a hydrophobic structural unit into the polymer (component (A)), any conventionally known 
method can be suitably selected and adopted. 
55 [0021] Such a conventionally known method includes, for example, a method of copolymerizing a hydrophobic mon- 
omer and a hydrophilic monomer, a method of homopolymerizing a macromer containing a hydrophobic structural unit 
and a hydrophilic structural unit, or copolymerizing a macromer having a hydrophobic structural unit and a hydrophilic 
monomer or a macromer having a hydrophilic structural unit, a method of grafting a hydrophobic monomer in part of 



35 



40 



4 



EP 1 262 204 A1 



the homopolymer chain obtained by homopoiymerizing a hydrophilic monomer, a method of adding hydrophobic mon- 
omer at the terminal of the homopolymer chain obtained by polymerizing hydrophilic monomer, a method of polymer- 
izing hydrophilic monomer, then denaturing or chemically modifying (alkylation, halogenation, hydrogenation, etc.) part 
of the resulting homopolymer chain to introduce a hydrophobic structural unit, and the like. 

[0022] As a preferable crosslinkable functional group to be introduced in the polymer (component (A)) of the present 
invention, an alkoxysilane group and its derivatives, isocyanate group, epoxy group (glycidyl group) , and an acid 
anhydride group can be given. Among these crosslinkable functional groups, an alkoxysilane group is preferable from 
the viewpoint of reactivity. More specifically, a trimethoxysilane group and triethoxysilane group are particularly pref- 
erable crosslinkable functional groups. One or more crosslinkable functional groups may be introduced in the polymer 
chain, with no specific limitations to the number. 

[0023] Examples of hydrophobic monomers for forming the hydrophobic structural units of the formulas (1)-(4) include 
olefin-type monomers such as ethylene, propylene, 1 -butene, cyclopentene, and norbornene; styrene-type monomers 
such as styrene, a-methylstyrene, and divinylbenzene; heterocycle-containing monomers such as N-vinyl pyridine, N- 
vinyl caprolactam, and N-vinyl valerolactam; diene-type monomers such as butadiene, isoprene, 1 ,3-cyclohexadiene, 
1 ,3-octadiene, and norbornadiene; ester-type monomers such as methacrylic acid ester and acrylic acid ester; cyclic 
siloxanes ; and the like. Examples of the hydrophobic monomers having crosslinkable functional groups include y- 
methacryloxypropyl trimethoxysilane, glycidyl methacrylate, and methacryloxypropyl isocyanate. 
[0024] Of these hydrophobic monomers, ester-type monomers such as methacrylic acid esters and acrylic acid esters 
(alkyl esters of methacrylate or acrylate) are preferable hydrophobic monomers in the present invention. 2-hydroxy 
propyl methacrylate, methyl acrylate, methyl methacrylate, ethyl acrylate, ethyl methacrylate, butyl acrylate, butyl meth- 
acrylate, 2-ethyIhexyl acrylate, and 2-ethylhexyl methacrylate are given as examples of particularly preferable hydro- 
phobic monomers. These monomers may be used either individually or in combination of two or more. As particularly 
preferable hydrophobic monomers, 2-hydroxypropyl methacrylate, methyl methacrylate, ethyl methacrylate, and butyl 
methacrylate can be given. The most preferable hydrophobic monomers are 2-hydroxypropyl methacrylate and methyl 
methacrylate. 

[0025] When the hydrophobic monomers have a crosslinkable functional group, y-methacryloxypropyltrimethoxysi- 
lane.Y-methacryloxypropyltriethoxysilane, y-methacryloxypropylmethyldimethoxysilane, 2-methacryloyloxyethylisocy- 
anate, and glycidyl methacrylate are preferable, and particularly preferable monomer is Y-methacryloxypropyltrimeth- 
oxysilane. 

[0026] As a hydrophilic monomer for forming the hydrophilic structural unit of the formula (5) in the present invention, 
N.N'-disubstituted acrylamides, N-substituted acrylamides, N.N'-disubstituted methacrylamides, and N-substituted 
methacrylamides can be given as examples. 

[0027] As preferable hydrophilic monomers in the present invention, N.N'-disubstituted acrylamides and N,N*-disub- 
stituted methacrylamides can be given, and N.N'-disubstituted acrylamides are particularly preferable as hydrophilic 
monomers. 

[0028] As specific examples of preferable hydrophilic monomer in the present invention, N.N'-dimethyl acrylamide, 
N-methyl acrylamide, N,N'-diethyl acrylamide, N-ethyl acrylamide, N-isopropyl acrylamide, N,N'-diisopropyl acryla- 
mide, N-butyl acrylamide, N,N'-dibutyl acrylamide, N-acryloylmorpholine, N.N'-dimethyl methacrylamide, and N-methyl 
methacrylamide can be given. Particularly preferable hydrophilic monomers are N.N'-dimethyl acrylamide and N,N*- 
diethyl acrylamide. From the viewpoint of industrial application, the most preferable hydrophilic monomer is N.N-dime- 
thyl acrylamide. 

[0029] Known conventional methods of polymerization can be adopted as are for synthesizing the polymer (compo- 
nent (A)) of the present invention. For example, radical polymerization, ionic polymerization, coordination polymeriza- 
tion, condensation polymerization, and the like can optionally be adopted depending on the purpose to synthesize 
hydrophilic polymers having desired structures. 

[0030] The structure of the polymer chain formed by the copolymerization of a hydrophobic monomer (including a 
monomer having a cross-linking functional group) and a hydrophilic monomer of the present invention may be a random 
structure, alternation structure, graft structure, or block structure. In addition, a method of synthesizing a macromer by 
previously polymerizing a hydrophobic monomer and/or a hydrophilic monomer by radical polymerization or ionic po- 
lymerization, followed by copolymerization of another hydrophobic monomer and/or a hydrophilic monomer with the 
macromer may be applied as appropriate. 

[0031 ] The number average molecular weight of the polymer (component (A)) of the present invention may be from 
1,000 to 1,000,000, preferably from 5,000 to 800,000, and particularly preferably from 20,000 to 500,000. if number 
average molecular weight is not more than 1 ,000, the effect of the present inveniion cannot be sufficiently exhibited 
and the storage stability over a long period of time may be lost. On the other hand, if the number average molecular 
weight is not less than 1,000,000, not only is the solubility of the polymer decreased, but also the viscosity of the 
solution is remarkably increased, giving rise to undesirable effects such as difficulty in blood filter manufacturing. 
[0032] The ratio of the hydrophobic structural units represented by the formulas (1)-(4) in the polymer of the com- 
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ponent (A) of the present invention, that is (the number of the hydrophobic structural units of the formulas (1 )-(4))/(the 
total number of the hydrophilic structural units of the formula (5) and the hydrophobic structural units of the formulas 
0 M4)), is preferably in the range of 0.5-99.5 mol%, more preferably 2-98 mol%, and particularly preferably 5-95 mol%. 
If the ratio of the hydrophobic structural units is not more than 0.5 moi% or not less than 99.5 mol%, compatibility of 
5 high leukocyte-removing effect and efficient thrombocyte recovery performance cannot be realized. 

[0033] Although the ratio of the hydrophobic structural units in the polymer of the component (A) is preferable in the 
above range, the polymer (component (A)) of the present invention is preferably a hydrophilic property polymer exhib- 
iting hydrophilic properties as a whole. 

[0034] To the extent not affecting the characteristics of the leukocyte-removing filter of the present invention, the 
10 main chain of the component (A) polymer may include structural unit having at least one bond selected from ether 
bond, ester bond, amide bond, imide bond, urethane bond, sulfonate bond, and sulfide bond, without any specific 
limitations. 

[0035] The porous substrate (component (B)) in the present invention has a number of fine pores continuing one 
surface to the other surface with a pore diameter capable of separating and removing leukocytes in the coexistence 
is with the component (A). The shape of the pores, continuing conditions thereof, and thickness, material, figure and 
dimensions of the substrate, and the like of the component (B) may be optionally varied depending on the purpose, 
but are not specifically limited. For example, the component (B) of the present invention can be used in any optional 
form, including the form of fiber, film, sheet, disk, cylinder, membrane, particles or the like. 

[0036] The porous substrate of the component (B) of the present invention must have a suitable pore diameter for 
20 efficiently exhibiting the performance as a leukocyte-removing filter. The average pore diameter required for the com- 
ponent (B) to achieve the object of the present invention is preferably in the range from 0.1 to 100 urn, more preferably 
from 0.5 to 50 u/n, and particularly preferably from 1 to 25 urn. If average pore diameter is not within the range of 0.1 
to 100 u,m, compatibility of high leukocyte-removing effect and efficient thrombocyte recovery performance cannot be 
realized. 

25 [0037] In the present invention, the average pore diameter of the component (B) can be measured and calculated 
by known conventional methods such as a mercury porosimeter or a permeability measurement method. The specific 
surface area of the component (B) is also a very important factor in order to efficiently exhibit the leukocyte-removing 
capability in the present invention. The specific surface area of the component (B) is preferably from 0.1 to 10.0 m 2 / 
g, still more preferably from 0.5 to 5.0 m 2 /g, and particularly preferably from 0.8 to 3.0 m 2 /g. if the specific surface area 

30 is outside the scope of the present invention, no practical blood filter performance can be achieved, resulting in a poor 
product value. The specific surface area of the component (B) is measured and calculated by a known conventional 
method using a specific surface area meter such as the BET adsorption measurement or a mercury porosimeter. 
[0038] There are no specific limitations on the material for the porous substrate (component (B)) of the present 
invention so far as the above average pore size and specific surface area are satisfied. Specifically, the material for 

35 the component (B) may be any one of an organic material, inorganic material, or an organic/inorganic composite ma- 
terial. In addition, such a material may be a natural material, synthetic material, or semi-synthetic material. 
[0039] More specific examples which can be given include porous substrates made from natural, synthetic, semi- 
synthetic, or regenerated organic or inorganic fibers, or a composite material of these fibers; porous substrates being 
as foamed porous substrates (foamed material, sponge, etc.) formed from an organic material or inorganic material, 

40 or a composite material of these materials; organic or inorganic, or organic-inorganic composite porous substrates in 
which fine pores have been formed by elusion, decomposition, sintering, drawing, punching, phase separation, and 
the like; or porous substrates filled and/or bonded with particles or fine pieces made from an organic material or inor- 
ganic material, or a composite material of these materials. 

[0040] When the component (B) of the present invention is formed from fibers, for example, there are no specific 
45 limitations to the properties of the fibers themselves. Organic, inorganic, or composite short fibers, hollow fibers, and 
long fibers may be appropriately adopted. The form of the component (B) maple from fibers may be a simple filled- 
aggregate of fibers, nonwoven fabric, knitted fabric, or woven fabric so far as the average pore size and specific surface 
area are within the scope of the present invention. 

[0041] When the component (B) of the present invention is nonwoven fabric, the fibers forming the nonwoven fabric 
50 preferably have diameter of 0.1 -1 0 ujti and bulk density of 0.05-1 g/cm 3 , particularly preferably diameter of 0.5-5 ujti 
and bulk density of 0.1-0.8 g/cm 3 to achieve the effect of the present invention. 

[0042] To selectively remove only leukocytes from blood composition, such as whole blood, containing leukocytes 
and thrombocytes and recover thrombocytes at a high yield using the leukocyte-removing filter of the present invention, 
the component (A) must be present as homogeneously as possible in the surface layer including the inside of the 
55 porous material of the component (B). Both high leukocyte-removing performance and efficient thrombocyte recovery 
performance of the present invention can be achieved during filtration of whole blood by the appropriate characteristics 
of the surface layer for various blood components as well as the appropriate pore size formed from the component (A) 
and the component (B) . In this instance, the ratio of the component (A) and the component (B) forming the leukocyte- 
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removing fitter of the present invention is also one of very important factorto maximize the effect of the present invention. 
[0043] The ratio by weight of the polymer (component (A)) to the porous substrate (component (B)) of the present 
invention is preferably 0.001-1 .0, and more preferably 0.001-0.8, and most preferably 0.01-0.5. if the ratio by weight 
of the component (A) to the component (B) is not less than 1 .0, the component (A) plugs pores of the component (B), 
that brings about undesirable results such as impaired performance as a porous substrate, or an increased cost of the 
product in the point of industrial view. On the contrary, if the ratio by weight of the component (A) to the component (B) 
is not more than 0.001 , there may exist the possibility forming some parts that the component (A) is not present in the 
surface layer of the component (B). Such a filter may not sufficiently exhibit the effect of the leukocyte-removing filter 
of the present invention. 

[0044] As a preferable method for manufacturing the leukocyte-removing filter of the present invention exhibiting 
both high leukocyte-removing capability and thrombocyte recovery capability, a method of coating the hydrophilic pol- 
ymer (component (A)) onto the porous substrate (component (B)) (including the surface layer inside the porous material) 
can be given. Such a method comprises preparing a solution contained the polymer having hydrophobic structural unit 
(component (A)) (inorganic solvent, aqueous solution, ormixture of these) or putting component (A) into fluid condition 
by any suitable means, then applying component (A) given fluidity to a porous substrate of the component (B) by 
immersion or spraying, or filling the porous substrate with the component (A) under pressure; or applying fine particles 
of the component (A) onto the component (B), and then heating the material to dissolve the component (A). The com- 
bination of two or more methods above may be acceptable without any specific limitations. Conventional methods for 
modifying the surface of blood filters require very expensive and complicated apparatuses and procedures such as 
irradiation of electron beams or gamma rays. According to the methods of the present invention, however, the filter 
can exhibit excellent leukocyte reduction performance by simply causing the component (A) to be present on the 
surface layer of the component (B) by coating, which is industrially a very advantageous method. 
[0045] In the manufacturing method of the present invention a drying step such as air-blowing, rolling, and heating 
may be combined after coating the component (A) onto the component B (the surface layer: including inside of the 
porous material). 

[0046] When the hydrophobic structural unit of the component (A) of the present invention has crosslinkable func- 
tional group, the crosslinking reaction of the crosslinkable functional group may be carried out during the coating proc- 
ess, drying process, or heating process of the present invention. The leukocyte-removing filter having the crosslinking 
structure obtained by such a production process can exhibit a particularly preferred performance in the present inven- 
tion. 

[0047] Among the blood filters obtained by the manufacturing method of the present invention, the filters prepared 
by coating the component (A), which contains both the hydrophobic structural unit and the hydrophobic structural unit 
having a crosslinkable functional group, onto the component (B), followed by the crosslinking reaction to form a stable 
surface layer of the component (A) onto the component (B), can exhibitboth excellent leukocyte-removing performance 
and high thrombocyte recovering performance at the same time, can also exhibit further superior performances such 
as endurance to sterilization, resistance to autoclave (heat resistance) , long-term stability, and the like. Such a filter 
is the most preferable product of the present invention. 

[0048] Although some possibilities can be suggested about the performance expression mechanism of the novel 
leukocyte-removing filter of the present invention, the most important factor would be the presence of the component 
(A) on the surface of the porous substrate (component (B)) where the filter comes into contact with various blood 
components. Furthermore, the hydrophilic properties on the surface of the polymer (component (A)) may be slightly 
hydrophobicized by the introduction of hydrophobic structural units into the component (A), whereby, although the 
surface remains to be hydrophilic, the molecular characteristics advantageous to leukocyte capturing such as hydro- 
phobic interaction properties may be acquired. On the other hand, the introduction of the hydrophilic structural units 
into the component (A) reduces the interaction of the surface characteristic of the polymer (component (A)) with proteins 
in plasma and suppresses adsorption of plasma proteins, which activates thrombocytes, onto the filter surface. This 
may contribute to recovery of thrombocytes from whole blood at high efficiency. Of course, an appropriate pore diameter 
plays an important role in the efficient removal of leukocytes from whole blood. 

[0049] The novel leukocyte-removing filter of the present invention can be effectively used for whole blood, and also 
can be applied to selective removal of leukocytes from various blood products and thrombocyte suspensions in which 
leukocytes are present without specific limitation. For example, the filter may be used for removing leukocytes from a 
concentrated thrombocyte solution obtained by centrifugation of whole blood immediately after collection. In addition, 
the leukocyte-removing filter of the present invention may be used in combination with a pre-filter for removing fine 

Mnnillgtnrl /\ft«%«ft«ftntp »■ fV-» <-»•"» fltf Ar!nM iiiUaIa I si #-l nrfUrAwtUMMitn nunnnnnlnn nnnfnininn InnUnnirfAn TK« Innt/nAlffA 

^wd^uiaicu ^wnipuncnio •(mcii tiuciui^ ihiuic uiuuu u> u ii i ikju\^y ic ouopci ioiui i owi uan iti ly icuivwy lco. i iic icuftvoyic- 

removing filter of the present invention may be-independently filled in a filter housing or may be used incorporating 
into a bag apparatus for blood component separation aseptically connected a blood collecting bag and a bag for blood 
component separation. 
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PREFERRED EMBODIMENT OF THE INVENTION 

[0050] The present invention will be explained in more detail by examples and comparative examples which are not 
intended to limit the present invention. 

5 

Examples 

Synthesis Example 1 

10 Synthesis of copolymer of N.N'-dimethylacrylamide (DMAA) and butylmethacrylate (BMA) 

[0051] A 1 litter separable flask equipped with a stirrer and a nitrogen feed pipe was charged with 69.4 g (0.7 mol) 
of DMAA and 42.8 g (0.3 mol) of BMA. 200 ml of ethanol (EtOH) was then added to dissolve the mixture. Nitrogen gas 
was injected into the mixed solution for 3 minutes to replace the reaction system with nitrogen. The solution was stirred 

15 at 60°C under the nitrogen atmosphere. Solution of 0.8 g (0.05 mol) of 2,2-azobisisobutyronitrile (AIBN) in 100 ml of 
EtOH was continuously dripped over three hours as a polymerization initiator. The polymerization reaction was carried 
out for further two hours after the completion of dripping. After completion of the reaction, the reaction solution was 
cooled to 25°C and poured into a large amount of water to precipitate the polymer. The polymer was collected from 
the reaction mixture by filtration, washed with n-hexane, and dried. The polymer obtained was confirmed to be copol- 

20 yrner with DMAA:BMA ratio of 56.4:43.6 (mol% ratio) (calculated from the result of 1 H-NMR measurement), number 
average molecular weight (Mn) of 56,300 and weight average molecular weight (Mw) of 129,000 (calculated from the 
result of GPC measurement using the standard MM A). 

Synthesis Example 2 

25 - • 

Synthesis of copolymer of DMAA and methyl methacrylate (MMA) 

[0052] The polymerization reaction and analysis of the resulting polymer wer6 carried out in the same manner as in 
Synthesis Example 1 , except for using 54.6 g (0.55 mol) of DMAA and 45.0 g (0.45 mol) of MMA as monomers. The 
30 resulting polymer was confirmed to have a DMAA:MMA ratio of 38.8:61.2 (mol% ratio), Mn of 68,900, and Mw of 
137,000. 

Synthesis Example 3 

35 Synthesis of copolymer of DMAA and 2-hydroxypropyl methacrylate (HP MA) 

[0053] The polymerization reaction was carried out in the same manner as in Synthesis Example 1 , except for using 
49.6 g (0.50 mol) of DMAA and 72.1 g (0.50 mol) of HPMA as monomers. After completion of the reaction, the reaction 
solution was cooled to 25°C and poured into a large amount of n-hexane to precipitate the polymer. The polymer was 
40 collected from the reaction mixture by filtration, washed with purified water, and dried. The resulting polymer was 
confirmed to be copolymer with DMAA'.HPMA ratio of 36.8:63.2 (mol% ratio), Mn of 139,000, and Mw of 404,000 (the 
polymer was analyzed in the same manner as in Synthesis Example 1). 

Synthesis Example 4 

45 

Synthesis of copolymer of DMAA and 7-methacryloxypropyltrimethoxysilane (MPTS) 

[0054] The polymerization reaction was carried out in the same manner as in Synthesis Example 1 , except for using 
94.2 g (0.95 mol) of DMAA and 12.4 g (0.05 mol) of MPTS as monomers. After completion of the reaction, the reaction 
so solution was cooled to 25° C and poured into a large amount of n-hexane to precipitate the polymer. The polymer was 
collected from the reaction mixture by filtration, washed with n-hexane, and dried. The resulting polymer was confirmed 
to be copolymer having a DMAA: MPTS ratio of 95.9:4.1 (mol% ratio), Mn of 1 7,500, and Mw of 76,200. 

Synthesis Example 5 

55 

Synthesis of ternary copolymer of DMAA, MPTS, and MMA 

[0055] The polymerization reaction and the analysis of the polymer were carried out in the same manner as in Syn- 
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thesis Example 4, except for using 69.1 g (0.7 mol) of DMAA, 12.4 g (0.05 mol) of MPTS, and 25.3 g (0.25 mol) of 
MMA as monomers. The resulting polymer was confirmed to be copolymer having a DMAA: MPTS: MM A ratio of 62.8: 
3.9:33.3 (mol% ratio), Mn of 42,600, and Mw of 118,000. 

5 Synthesis Example 6 

Synthesis of copolymer of N -aery loylmorpho line (ACMO) and BMA 

[0056] The polymerization reaction was carried out in the same manner as in Synthesis Example 1 , except for using 
10 120 g (0.85 mol) of ACMO and 21 .3 g (0.15 mol) of BMA as monomers, and N,N-dimethylformamide (DMF) as polym- 
erization solvent. After completion of the reaction, the reaction solution was cooled to 25°C and poured into a large 
amount of EtOH to precipitate the polymer. The. polymer was collected from the reaction mixture by filtration, washed 
with water, and dried. The resulting polymer was confirmed to be copolymer with ACMO:BMA ratio of 83.9:16.1 (mol% 
ratio), Mn of 37,900, and Mw of 99,400 (the polymer was analyzed in the same manner as in Synthesis Example 1). 

15 

Synthesis Example 7 

Synthesis of copolymer of ACMO and MMA 

20 [0057] The polymerization reaction and the analysis of the polymer were carried out in the same manner as in Syn- 
thesis Example 6, except for using 98.8 g (0.7 mol) of ACMO and 30.0 g (0.3 mol) of MMA as monomers. 
[0058] The resulting polymer was confirmed to be copolymer having ACMO:MMA ratio of 58.4:41 .6 (mol% ratio), 
Mn of 72,500, and Mw of 159,000. 

25 Synthesis Example 8 

Synthesis of copolymer of ACMO and MPTS 

[0059] The polymerization reaction was carried out in the same manner as in Synthesis Example 6, except for using 
30 1 34.6 g (0.95 mol) of ACMO and 1 2.4 g (0.05 mol) of M PTS as monomers. After completion of the reaction, the reaction 
solution was cooled to 25°C and poured into a large amount of n-hexane to precipitate the polymer. The polymer was 
collected from the reaction mixture by filtration, washed with purified water, and dried. The resulting polymer was 
confirmed to be copolymer with ACMp:MPTS ratio of 95.2:4.8 (mol% ratio) , Mn of 73,100, and Mw of 159,000 (the 
polymer was analyzed in the same manner as in Synthesis Example 1). 

35 

Synthesis Example 9 

Synthesis of copolymer of DMAA and MMA macromer 

40 [0060] The polymerization reaction and analysis of the resulting polymer were carried out in the same manner as in 
Synthesis Example 1 , except for using 79.3 g (0.8 mol) of DMAA and 20.0 g of a commercially available MMA macromer 
(0.2 mol% as MMA) as monomers, and DMFas a reaction solvent. The resulting polymer was confirmed to be copolymer 
having ratio of DMAA:MMA in macromer of 77.0:23.0 (mol% ratio), Mn of 31 ,000, and Mw of 87,000. 

45 Synthesis Example 1 0 

Synthesis of polymer with a hydrophobic structural unit content of 99.5 mol% or more 

[0061] . The polymerization reaction and analysis of the polymer were carried o»ut in the same manner as in Synthesis 
50 Example 1 , except for using 0.594 g (0.006 mol) of DMAA and 1 41 .3 g (0.994 mol) of BMA as monomers. The resulting 
polymer was confirmed to be copolymer having DMAA:BMA ratio of 0.4:99.6 (mol% ratio), Mn of 86,000, and Mw of 
179,000. 

Synthesis Example 11 

55 

Synthesis of polymer with a hydrophobic structural unit content of less than 0.5% (1) 

[0062] The polymerization reaction and analysis of the polymer were carried out-in the same manner as in Synthesis 
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Example 1 , except for using 98.9 g (0.998 mol) of DMAA and 0.284 g (0.002 mol) of BM A as monomers. The resulting 
polymer was confirmed to be copolymer having DMAA:BMA ratio of 99.6/0.4 (moi% ratio), Mn of 29,500, and Mw of 
78,200. 

5 Synthesis Example 12 

Synthesis of polymer with a hydrophobic structural unit content of less than 0.5% (2) 

[0063] The polymerization reaction and analysis of the polymer were carried out in the same manner as in Synthesis 
10 Example 4, except for using 98.7 g (0.996 mol) of DMAA and 0.994 g (0.004 mol) of MPTS as monomers. The resulting 
polymer was confirmed to be copolymer having DMAA:MPTS ratio of 99.7:0.3 (mol% ratio), Mn of 21 ,800, and Mw of 
74,200. 

[0064] The results of Synthesis Examples 1-12 are summarized in Table 1 . 
15 Table 1 



20 



30 



35 



Polymers of Synthesis Examples 




Monomers (moi% ratio) 


Polymers (mol% ratio) 


Mn 


Mw 


Synthesis Example 1 


DMAA/BMA 70.0/30.0 


DMAA/BMA 56.4/43.6 


56300 


129000 


Synthesis Example 2 


DMAA/MMA 55.0/45.0 


DMAA/MMA 38.8/61 .2 


68900 


137000 


Synthesis Example 3 


DMAA/HPMA 50.0/50.0 


DMAA/HPMA 36.8/63.2 


139000 


404000 


Synthesis Example 4 


DMAA/MPTS 95.0/5.0 


DMAA/MPTS 95.9/4.1 


17500 


76200 


Synthesis Example 5 


DMAA/MPTS/MMA 
70.0/5.0/25.0 


DMAA/MPTS/MMA 
62.8/3.9/33.3 


42600 


118000 


Synthesis Example 6 


ACMO/BMA 85.0/15.0 


ACMO/BMA 83.9/16.1 


37900 


99400 


Synthesis Example 7 


ACMO/MMA 70.0/30.0 


ACMO/MMA 58.4/41.6 


72500 


159000 


Synthesis Example 8 


ACMO/MPTS 95.0/5.0 


ACMO/MPTS 95.2/4.8 


73100 


159000 


Synthesis Example 9 


DMAA/MMA (Converted to 
MMA in macromer) 80.0/20.0 


DMAA/MMA (Converted to 
MMA in macromer) 77.0/23.0 


31000 


87000 


Synthesis Example 10 


DMAA/BMA 0.6/99.4 


DMAA/BMA 0.4/99.6 


86000 


179000 


Synthesis Example 11 


DMAA/BMA 99.8/0.2 


DMAA/BMA 99.6/0.4 


29500 


78200 


Synthesis Example 12 


DMAA/MPTS 99.6/0.4 


DMAA/MPTS 99.7/0.3 


21800 


74200 



Preparation Examples 

40 

Preparation Example 1 

[0065] A nonwoven fabric made from polyethylene terephthalate (PET) with a size of 1 5 cm x 20^ cm (average fiber 
diameter: about 1 .2 \un, nicking ("Metsuke") : about 40 g/m 2 , thickness: 1 90 urn) was dipped in 200 ml of EtOH solution 
45 of the polymer obtained in the Synthesis Example 1 (polymer concentration: 5 wt%) for 3 minutes. After removing 
excessive polymer solution by squeezing the fabric between nip rollers, the fabric was dried under vacuum for 5 hours 
at 40°C to obtain a blood filter (A) coated with 1 6.3 wt% of polymer, wherein the coated amount (wt%) = (the weight 
nonwoven fabric after coating (g) - the weight nonwoven fabric before coating (g) ) / (the weight nonwoven fabric before 
coating (g)) x 1 00, or (the weight of component (A)Ahe weight of component (B)) x 1 00. 

50 

Preparation Examples 2-3 

[0066] Blood filters (B) and (C), coated with polymer respectively in the coated amount of 22.7 wt% and 20.7 wt%, 
were prepared in the same manner as in the Preparation Example 1 , except for using the polymers obtained in the 
55 Synthetic Examples 2 and 3, respectively. 
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Preparation Example 4 

[0067] The polymer obtained in the Synthesis Example 4 was dissolved in mixed solution of water and ethanol (vol- 
ume ratio, water: EtOH = 2:8), to which dilute hydrochloric acid was added to make an HCI concentration of 0.002 mol/ 
5 I, to prepare solution with polymer concentration of 5 wt%. The nonwoven fabric used in the Preparation Example 1 
was dipped in 200 ml of this polymer solution for 3 minutes. After removing excessive polymer solution by squeezing 
the fabric between nip rolls, the fabric was dried with heating for one hour at 80°C to obtain a blood filter (D) coated 
with 24.0 wt% of the polymer. 

10 Preparation Example 5 

[0068] A blood filter (E) coated with 21 .6 wt% of polymer was prepared in the same manner as in the Preparation 
Example 4, except for using the polymer obtained in the Synthetic Example 5. 

15 Preparation Example 6 

[0069] The nonwoven fabric used in the Preparation Example 1 was dipped in 200 ml of a dioxane solution of the 
polymer obtained in the Synthesis Example 6 (polymer concentration : 5 wt%) for 3 minutes. After removing excessive 
polymer solution by squeezing the fabric between nip rolls, the fabric was dried under vacuum for 5 hours at 40°C to 
20 obtain a blood filter (F) coated with 22.0 wt% of the polymer. 

Preparation Example 7 

[0070] A blood filter (G) coated with 20.0 wt% of polymer was prepared in thB same manner as in the Preparation 
25 Example 6, except for using the polymer obtained in the Synthetic Example 7. 

Preparation Example 8 

[0071] The polymer obtained in the Synthesis Example 8 was dissolved in mixed solution of water and dioxane 
30 (watendioxane = 2:8, volume ratio) , to which dilute hydrochloric acid was added to make an HCI concentration of 
0.002 mol/l in advance, to obtain a solution with polymer concentration of 5 wt%. The nonwoven fabric was dipped 200 
ml of this polymer solution for 3 minutes. After removing excessive polymer solution by squeezing the fabric between 
nip rolls, the fabric was dried with heating for one hour at 80°C to obtain a blood filter (H) coated with 15.0 wt% of the 
polymer. 

35 

Preparation Example 9 

[0072] A blood filter (I) coated with 1 7.0 wt% of polymer was prepared in the same manner as in the Preparation 
Example 1 , except for using the polymer obtained in the Synthetic Example 9. 

40 

Preparation Examples 10-11 

[0073] Blood filters (J) and (K), coated with polymer respectively in the amount of 18.0 wt% and 21 .0 wt%, were 
prepared in the same manner as in the Preparation Example 1 , except for using the polymers obtained in the Synthetic 
45 Examples 1 0 and 1 1 , respectively. 

Preparation Example 12 

[0074] A blood filter (L) coated with 1 9.0 wt% of polymer was prepared in the same manner as in the Preparation 
50 Example 4, except for using the polymer obtained in the Synthetic Example 1 2. 

Preparation Example 13 

Preparation of biood filter by grafting meihod 

55 

[0075] The nonwoven fabric used in the Preparation Example 1 was dipped in 5 wt% DMAA ethanol solution in a 51 
flask. Nitrogen gas was injected into the solution for 3 minutes to replace the reaction system with nitrogen, y-rays at 
a dose of 3.6 kGy (1 .2 kGy/hbur) were applied to the nonwoven fabric to cause the monomer to potymerize on the 
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fabric surface by graft polymerization. After the reaction, the nonwoven fabric was taken out, washed repeatedly with 
purified water, and dried under vacuum for 5 hours at40°C. The blood filter (M) obtained was confirmed to have DMAA 
polymer graft ratio of 9.0 wt% (graft ratio = (weight after grafting/weight before grafting-1) x 100 (%)). 

5 Preparation Example 14 

[0076] A blood filter (N) coated with 0.04 wt% of polymer was prepared in the same manner as in the Preparation 
Example 1 , except for using an EtOH solution of the polymer (0.02 wt%) obtained in the Synthetic Example 2. 

10 Preparation Example 15 

[0077] A blood filter (0) coated with 1 02.0 wt% of polymer was prepared in the same manner as in the Preparation 
Example 1 , except for using an EtOH solution of the polymer (60 wt%) obtained, in the Synthetic Example 2. 

15 Blood evaluation method 

[0078] The following two evaluation methods were used to evaluate performance of the blood filters prepared in the 
Preparation Examples. 

20 Blood evaluation method (1) 

[0079] The nonwoven fabrics coated with polymer prepared in Preparation Examples were cut into disks with a 
diameter of 25 mm. Four disks were laminated and filled in a Teflon column. The fresh whole blood used in the all blood 
evaluations including the description below indicates the whole blood prepared by feeding 100 ml of collected blood 

25 into a blood bag containing 14 ml of a CPD solution (composition: 26.3 g/l of sodium citrate, 3.27 g/l of citric acid, 23.2 
g/l of glucose, and 2.51 g/l of sodium dihydrogenphosphate dihydrate) as an anti-coagulant, and stored at 20°C for 2 
hours after collection. Fresh human whole blood was fed through the column using a syringe pump at a rate of 2.7 ml/ 
min at room temperature to collect 6 ml of filtrate. The filter performance was represented by the leukocyte reduction 
capability (-Log Reduction) and thrombocyte recovery rate (%). Specifically, after measuring leukocyte concentration 

so and thrombocyte concentration before and after filtration, the leukocyte reduction capability and thrombocytes recovery 
rate were determined according to the following equation. 

Leukopheresis capability = -Log (B-A) 

35 

Thrombocyte recovery rate = (D/C) x 1 00(%) 

Wherein, (A) is a leukocyte concentration before filtration, (B) is a leukocyte concentration after filtration, (C) is a 
40 thrombocyte concentration before filtration, and (D) is thrombocyte concentration after filtration. 

[0080] The leukocyte concentration before filtration was measured by the Turk method by feeding a 1 0-fold dilution 
to a Burker-Turktype blood cell counting chamber and counting the number oMeukocytes which are present in eight 
large compartments through an optical microscope. The following Nageotte method was used for the measurement of 
the leukocyte concentration after filtration. Specifically, 1ml of the blood after filtration was diluted to 10-foldwithLeu- 
45 coplate (SOBIODA) and allowed to stand for 20-30 minutes at room temperature. Leukocytes were precipitated by 
centrifugation. The supernatant liquid containing the other blood components was removed and again adjusted by the 
leucoplate to 1 ml (non-diluted magnification) , which was added to the Nageotte counting chamber to count the number 
of leukocytes using an optical microscope. The thrombocyte concentration was measured using an automatic blood 
cell counter (Sysmex K4500 manufactured by Toa Medical Co., Ltd.). Hematocrit was measured using a hematocrit 
50 reader after the blood was put into a glass capillary tube for testing a small quantity blood and centrifuged. 

Blood evaluation method (2) 

[0081] Nonwoven fabrics coated with poiymer prepared in the Preparation Exampies , or uncoated nonwoven fabrics 
55 were cut into disks with a diameter of 20 mm. 32 sheets of the polymer coated nonwoven fabric disks coated (for 
Examples) or 32 sheets of the uncoated fabric disks (for Comparative Example 7) were layered and filled in a Teflon 
column, respectively. Fresh whole blood of human was caused to flow at a consistent flow rate of 0.74 ml/min using a 
syringe pump to recover 1 3.3 ml of filtrate. The filter performance was represented by the leukocyte reduction capability 
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(legalistic reduction) and thrombocyte recovery rate (%). Specifically, leukocyte concentration and thrombocyte con- 
centration before and after filtration was measured, and leukocyte concentration before filtration, leukocyte concen- 
tration after filtration, thrombocyte concentration before filtration, and thrombocyte concentration after filtration was 
assumed as (A) , (B) , (C), and (D) , respectively, and the leukocyte reduction capability and thrombocytes recovery 
5 rate were determined according to the following formulas : 

Leukopheresis capability = -Log (B-A) 

10 

Thrombocyte recovery rate = (D/C)x 100 (%) 

[0082] The leukocyte concentration of the fluid before filtration was measured using Leuco COUNT™ kit (BD Bio- 
science, U.S.) as a residua! leukocyte measurement reagent system, of FACS Caliber (BD Bioscience, U.S.) as a flow 
15 cytometer, and CELL Quest (BD Bioscience, U.S.) as analytical software. The thrombocyte concentration was meas- 
ured using MAXMA/L-Retic (BECKMAN COULTER, U.S.) as an automatic blood eel! counter. 

EXAMPLES 

20 Example 1 

[0083] The blood evaluation was carried out using the polymer coated nonwoven fabric A prepared in the Preparation 
Example 1 according to the evaluation methods (1) and (2). The results are shown in Table 2. 

25 Examples 2-5 

[0084] The blood evaluation was carried out using the polymer coated nonwoven fabrics B to E prepared in the 
Preparation Examples 2-5 according to the evaluation method (2). The results are shown in Table 2. 

30 Example 6 

[0085] The blood evaluation was carried out using the polymer coated nonwoven fabric F prepared in the Preparation 
Example 6 according to the evaluation method (1). The results are shown in Table 2. 

35 Examples 7-9 

[0086] The blood evaluation was carried out using the polymer coated nonwoven fabrics G to ! prepared in the 
Preparation Examples 7-9 according to the evaluation method (2). The results are shown in Table 2. 

40 Comparative Examples 1 -3 

[0087] The blood evaluation was carried out using the polymer coated nonwoven fabrics J, K, and L prepared in the 
Preparation Examples 10-12 according to the evaluation method (2). The results are shown in Table 2. 

45 Comparative Example 4 

[0088] The blood evaluation was carried out using the polymer grafted nonwoven fabric M prepared in the Preparation 
Example 13 according to the evaluation method (2). The results are shown in Table 2. 

50 Comparative Examples 5-6 

[0089] The blood evaluation was carried out using the polymer coated nonwoven fabrics N and O prepared in the 
Preparation Examples 14 and 15 according to the evaluation method (2). The results are shown in Table 2. 

55 Comparative Example 7 

[0090] The blood evaluation was carried out using an uncoated nonwoven fabric P (average fiber diameter: about 
1.2 nm, nicking: about 40 g/m 2 , thickness: 190 ujti) that was used in the Preparation Examples according to the eval- 
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uation method (2). The results are shown in Table 2. 
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INDUSTRIAL APPLICABILITY 

[0091] According to the present invention, material for the filter that allows erythrocytes, thrombocytes, and blood 
plasma in a leukocyte-containing fluid represented by whole blood to filter out and selectively and efficiently remove 
only leukocytes can be provided. 



Claims 

1 . A leukocyte-removing filter comprising a polymer having a hydrophobic structural unit and a hydrophilic structural 
unit, and a porous substrate. 

2. The leukocyte-removing filter according to claim 1 , wherein the polymer has the hydrophobic structural unit and 
hydrophilic structural unit in the polymer chain. 

3. The leukocyte-removing filter according to claim 1 or 2, wherein the polymer is a copolymer of a hydrophobic 
monomer and hydrophilic monomer. 

4. The leukocyte-removing filter according to claim 1 , wherein the polymer has the hydrophobic structural unit that 
has been introduced by denaturing or chemical modification. 

5. The leukocyte-removing filter according to any one of claims 1-4, wherein the hydrophobic structural unit in the 
polymer is incorporated into the polymer chain in a random structure, alternation structure, graft structure, or block 
structure. 

6. The leukocyte-removing filter according to any one of claims 1 -5, wherein the hydrophobic structu ral unit contained 
in polymer is at least one hydrophobic monomer unit represented by any one of the following formulas (1)-(4) or 
derivative thereof, 

-CR 1 R 2 -CR 3 R 4 - (1) 



-CR 5 =CR 6 - (2) 



-C=C- (3) 



-CR 7 R 8 R 9 , (4) 

wherein R 1 to R 9 individually represents a hydrogen, halogen atom, alkyl group having 1-12 carbon atoms, aromatic 
compound having 6-12 carbon atoms, heterocyclic compound having 5-12 carbon atoms or macromer having a 
number average molecular weight of 500-50,000 and/or alkyl group having 1-12 carbon atoms, aromatic compound 
having 6-12 carbon atoms, heterocyclic compound having 5-12 carbon atoms or macromer having a number av- 
erage molecular weight of 500-50,000 which is added a functional group selected from carboxylic acid group, 
carbonyl group, acid anhydride group, carboxylate group, epoxy group, ether group, carbonate group, sulfonic 
acid, sulfonate group, substituted amide group, isocyanate group, and alkoxysilane group, or a derivative group 
thereof.. 

7. The leukocyte-removing filter according to any one of claims 1 -6, wherein the hydrophobic structural unit in the 
polymer has at least one hydrophobic monomer unit selected from 2-hydroxypropyl methacrylate, methyl meth- 
acryiate, and butyi methacryiate or structu ral unit derived from these hydrophobic monomers. 

8. The leukocyte-removing filter according to any one of claims 1 -6, wherein at least one hydrophobic structural unit 
in the polymer has at least one crosslinkable functional group selected from alkoxysilane group, epoxy group, acid 
anhydride group, and isocyanate group. 
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9. The leukocyte-removing filter according to claim 8, wherein the crosslinkable functional group is an alkoxysilane 
group or an epoxy group. 

10. The leukocyte-removing filter according to any one of claims 1-9, wherein the hydrophilic structural unit in the 
polymer is at least one hydrophilic monomer unit represented by the following formula (5) or derivative thereof, 

-CR 10 -CR 13 R U - (5) 
CONR n R 12 

wherein R 10 to R 14 are individually a hydrogen atom or an alkyt group having 1-9 carbon atoms, provided that at 
least one of the groups R 11 or R 12 is an alkyl group. 

11. The leukocyte-removing filter according to any one of claims 1-10, wherein the hydrophilic monomer unit is an N, 
N'-disubstituted acrylamide or N-substituted acrylamide, or a structural unit derived from these amides. 

1 2. The leukocyte-removing filter according to claim 1 1 , wherein the hydrophi lie monomer unit is a dimethylacrylamide. 

1 3. The leukocyte-removing filter according to any one of claims 1 -1 2, wherein the polymer comprises a hydrophobic 
monomer unit represented by any one of the formulas (1)-(4) or a derivative thereof and a hydrophilic monomer 
unit represented by the formula (5) or a derivative thereof. 

14. The leukocyte-removing filter according to any one of claims 1 -1 3, wherein ratio of the number of the hydrophobic 
structural units to the total number of the hydrophilic structural units and the hydrophobic structural units is within 
the range of 0.5-99.5 mol%, and the polymer contains at least one hydrophobic structural unit. 

15. The leukocyte-removing filter according to any one of claims 1-14, wherein the porous substrate has pores with 
average pore size of 0. 1 - 1 00 pxn . 

16. The leukocyte-removing filter according to any one of claims 1-15 , wherein the porous substrate has specific 
surface area of 0.1 -1 0.0 m 2 /g. 

17. The leukocyte-removing filter according to any one of claims 1 -1 6, wherein the weight ratio of the polymer to the 
porous substrate is in the range of 0.001-1 .0. 

1 8. The leukocyte-removing filter according to any one of claims 1 -1 7, being obtainable by coating the porous substrate 
with the polymer. 

1 9. The leukocyte-removing filter according to any one of claims 1 -1 8, being obtainable by coating the porous substrate 
with the polymer, and optionally crosslinking a part or all of polymer components. 
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